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(54) Title: OCCLUSION SYSTEM FOR ANEURYSM REPAIR 
(57) Abstract 



An internal neck occlusion system treats an 
aneurysm (22) in a parent vessel (20). The parent 
vessel (20) defines a lumen (30). The aneurysm (22) 
includes a neck (26) and an inner wall defining a 
cavity (28) communicating with the lumen (30). The 
occlusion device (32) is configured for deployment 
within the cavity (28). The device (32) includes a 
collapsible member which is permeable to blood flow. 
The device (32) is arranged such that, when deployed 
within the cavity (28X the member bridges the neck 
(26) of the aneurysm (22) and is in contact with the 
inner wall. In treating the aneurysm (22), the device 
(32) is collapsed and endovascularly placed proximate 
the aneurysm (22). The device (32) is then expanded 
within the cavity so as to bridge the neck (26) of the 
aneurysm (22). An embolic agent (50) can be injected 
into the cavity (28) after the neck occlusion device is deployed. 
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OCCLUSION SYSTEM FOR ANEURYSM REPAIR 

BACKGROUND OF THE I NVENTION 
The present invention deals with a system for 
5 treating an aneurysm. More specifically, the present 
invention is directed to an occlusion system for 
deployment of an occlusion device within the aneurysm. 

An aneurysm is a localized stretching or 
distension of an artery due to a weakening of the vessel 
10 wall. For example, congenital "berry" aneurysms, i.e., 
small spherical distensions, occur in the vessels of the 
brain. The distensions often referred to as the 

aneurysm sac — are related to defects in the muscular 
coating of the artery and are probably developmental in 
15 origin. Rupture of aneurysms account for the majority 
of spontaneous hemorrhages. Approximately 25,000 
intracranial aneurysms rupture every year in North 
America. 

Several methods of treating aneurysms have 
20 been attempted, with varying degrees of success. At 
present, the treatment of aneurysms with drugs is 
substantially ineffective. Also, extra-vascular 

surgery, referred to as open craniotomy, for the purpose 
of preserving the parent artery is replete with 
25 disadvantages. A patient subject to open craniotomy for 
intercranial aneurysms typically must undergo general 
anesthesia, surgical removal of part of the skull, brain 
retraction, dissection around the neck of the sac, and 
placement of a clip on the parent artery to prevent 
3 0 rebleeding . 

Alternative treatments include endovascular 
occlusion where the interior of the aneurysm is entered 
with a guidewire or a microcatheter . An occlusion is 
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formed within the sac with an intention to preserve the 
parent artery. A preferred means for forming a mass is 
through the introduction of an embolic agent within the 
sac. Examples of embolic agents include a detachable 
5 coil, which is detached from the end of a guidewire, and 
a liquid polymer which polymerizes rapidly on contact 
with blood to form a firm mass. The embolic agent may 
initially generate a thrombotic mass in the sac as well. 
The thrombotic mass is composed of the elements of 

10 blood, namely platelets, fibrin, red cells and 
leukocytes. However, the thrombotic mass may typically 
dissipate through the normal lysing process. 

Endovascular occlusion is not without 
drawbacks. For example, there is a risk of overfilling 

15 the sac and consequent embolic agent migration into the 
parent vessel. This results in occlusion of the parent 
artery and could lead to distal embolization. Further, 
there is a risk of the embolic agent becoming dislodged 
from hemodynamic forces, which can result in distal 

20 embolization, restricted blood flow in the parent artery 
or total occlusion of the parent artery. 

Moreover, endovascular occlusion can be 
ineffective when the neck of an aneurysm is not well 
defined because the risk of embolic agent migration is 

25 greater with such a sac. Prior art methods used to 
reduce the risk of embolic agent migration in an ill- 
def ined neck include blockage of the parent artery with 
a device inside the vasculature to isolate the sac from 
circulation while the occlusion is formed. However, 

30 blockage of the parent artery can itself be highly 
undesirable, but necessary in certain circumstances when 
the aneurysm presents a greater risk to the patient. 
After the occlusion is formed in the cavity, and 
circulation is restored in the parent artery, an ill- 
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defined neck increases the risk of the embolic agent 
becoming dislodged. 

SUMMARY OF THE INVENTION 
An internal neck occlusion system is used for 
5 treating an aneurysm in a parent vessel. The parent 
vessel defines a lumen. The aneurysm includes a neck 
and an inner wall defining a cavity communicating with 
the lumen. The occlusion device is configured for 
deployment within the cavity. The device includes a 
10 collapsible member which is permeable to blood flow. 
The device is arranged such that, when deployed within 
the cavity, the member bridges the neck of the aneurysm 
and is- in contact with the inner wall. 

In treating the aneurysm, the internal neck 
15 occlusion device is collapsed and endovascularly placed 
proximate the aneurysm. The device is then expanded 
within the cavity so as to bridge the neck of the 
aneurysm. An embolic agent can be injected into the 
cavity after the neck occlusion is deployed. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of an occlusion device 
deployed within an aneurysm. 

FIGS. 2A-2D show the deployment of the 
occlusion device of. FIG. 1 within the aneurysm. 
25 FIGS. 3A-3C show the deployment of an embolic 

agent in cooperation with the device of FIG. 1 within 
the aneurysm. 

FIG. 4 is a side view of another occlusion 
device deployed within an aneurysm. 
30 FIGS. 5A-5C show the deployment of the 

occlusion device of FIG. 4. 

FIG. 6 shows the occlusion device of FIG. 4 in 
cooperation with an embolic agent within the aneurysm. 
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FIG. 7 is a side view of another occlusion 
device deployed within an aneurysm. 

FIG. 8 shows the deployment of the device of 

FIG. 7. 

5 FIG. 9 is a side view of another occlusion 

device deployed within an aneurysm. 

FIG. 10 is a top view of the device of FIG. 9. 
FIGS. 11A-11D illustrate the deployment of the 
device of FIG . 9 . 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 shows parent vessel 20 sectioned for 
clarity within a vascular region 21 of the body. The 
vessel 20 has an aneurysm 22 with a sac 24, inner wall 
25 and neck 26. The sac 24 forms a vascular cavity 28 

15 in communication with the lumen 30 of vessel 20. 
Occlusion device 32, in accordance with the present 
invention, is deployed in the vascular cavity 28 
proximate the neck 26. 

The device 32 is preferably a flexible 

20 structure capable of bridging the neck 2 6 from within 
the aneurysm 22. In the illustrated embodiment, device 
32 does not interfere with the lumen 3 0 of parent vessel 
20. The device 32 is formed in the shape of a dish, and 
includes a plurality of struts 36 which project radially 

25 from the center 38. The device 32 also includes a 
plurality of parabolic rings 40 which lend stability to 
the structure. The struts 36 may be formed of any 
suitable material, but in the preferred embodiment are 
formed from metal and covered with fabric. Rather than 

30 rings of fabric, the struts may be covered with a mesh, 
not shown. Alternatively, the device 3 2 may be formed 
of a polymeric or similar material . 

Device 32 can be deployed in the aneurysm 22 
in a variety of ways. FIGS. 2A-2D show the deployment 
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of device 32 in accordance with the present invention. 
FIG. 2A shows device 32 collapsed and attached to the 
distal end 42 of delivery catheter 44 inside lumen 3D. 
Device 32 is a shape memory structure which is capable 
5 of residing in a collapsed state but then expands to its 
dish-like state in response to an appropriate stimulus. 
The device 32 can be made of thermo- sensitive material 
which is flexible below a transition temperature and 
readily collapsible, but which is less resilient or 

10 generally rigid above the transition temperature. In 
the preferred embodiment , the struts 3 6 may be formed of 
small diameter nitinol wire which has the shape memory 
properties described above. 

As indicated in FIG. 2A, the device 32 is 

15 collapsed and delivered through the vasculature 21 in a 
more flexible state, below its transition temperature. 
FIG. 2B shows the collapsed device 32 within the 
aneurysm 22 and positioned there with the delivery 
catheter 44. The delivery catheter 44 can be used to 

20 manipulate and adjust the position of device 32 within 
the aneurysm 22 before and/or after it is expanded. 

Once in place within the aneurysm 22, the 
temperature of the vascular region is raised from a 
point below the transition temperature to a point above 

25 the transition temperature. This can be accomplished, 
for instance, by injecting warm saline or the like into 
the vascular region, or simply by letting the occlusion 
device 32 warm to body temperature. Also, device 32 can 
be delivered while being flushed with a cold saline 

30 solution to maintain the temperature of device 32 below 
its transition temperature. Once device 32 is in place, 
the cold saline flush is discontinued and device 32 
warms to a temperature above the transition temperature. 
After the occlusion device 32 reaches the transition 
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temperature, it expands to the predetermined diameter or 
width and makes contact with the inner walls 25 and the 
neck 26. 

FIG. 2C shows the device 32 expanded to bridge 
5 neck 26 of the aneurysm 22. The delivery catheter 44 is 
then detached from the device 32 which remains in place 
within the aneurysm 22. Detachment can be accomplished 
in any number of suitable ways. For instance, device 32 
can be attached with a soluble adhesive and detached by 

10 injecting a suitable solvent. Also, device 32 can be 
attached by a frictional fit and detached by exerting a 
force on catheter 44. Further, device 32 can be 
detached electrolytically in the same fashion as a 
Guglielmi detachable coil (GDC) . FIG. 2D shows device 

15 32 permanently in position within the aneurysm 22 with 
the delivery catheter 44 removed. 

Device 32 can also be formed of a resilient 
material which is permanently biased in the deployed 
position. In order to collapse device 32 for 

20 introduction into the vasculature, a filament or other 
fibrous thread can be removably wound about the exterior 
of device 32 maintaining it in a collapsed position. 
Once device 32 is introduced into cavity 28, the thread 
is removed, allowing device 32 to deploy outwardly. 

25 Removal of the thread is preferably accomplished by 
exerting gentle traction on the thread which causes it 
to disengage from device 32. 

FIGS. 3A-3C show the delivery of an embolic 
agent 50 through the device to form a thrombotic mass 

30 within the aneurysm 22. FIG. 3A shows a microcatheter 
52 having the embolic agent 50 at the distal tip 54 of 
the catheter 52. The embolic agent 50, such as a 
stainless steel coil or a liquid polymer, or a 
combination of solid and liquid embolic agents (e.g., a 
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coil and a liquid polymer) is delivered to the aneurysm 
via the microcatheter . FIG. 3B shows the injection of 
the embolic agent 5a within the aneurysm 22. Distal tip 
54 is positioned against the device 32 such that the 
5 embolic agent 50 extends into the cavity 28. Distal tip 
54 and device 32 preferably include markings thereon 
such that they can be viewed during the procedure using 
conventional f luoroscopy, x-ray or ultrasound, or other 
suitable techniques, or device 32 and distal tip 54 are 
10 viewed with the aid of a suitable scope or fiber optic 
bundle . 

The permeable nature of the device 32 allows 
the distal tip of delivery catheter 52- to be positioned 
behind device 32 in cavity 28. The delivery catheter 52 

15 is movable relative to device 32 to- allow precise 
placement of the distal tip of the catheter within the 
cavity 28. Catheter tip placement influences the 
quality of filling, and the adjustable nature improves 
the ability to fill the aneurysm 22-. As the embolic 

20 agent 50 is injected into the cavity 28, the blood 
within the aneurysm 22 escapes through the neck 26 and 
through the holes in device 32. As the embolic agent 50 
fills cavity 28, it acts to further secure the device 32 
in place in the neck 26. It is to be understood that 

25 the embolic agent 50 may be deployed either prior to 
detachment of the delivery catheter 44 or after 
detachment . 

FIG. 3C shows the embolic agent 50 packed 
within the aneurysm 22, held in place with the occlusion 
30 device 32, and with the delivery catheter 52 removed. 
The device 32 and embolic agent 50 cooperate to repair 
the aneurysm. The embolic agent 50 secures the device 
32 within the sac 24 in the region of neck 2 6 and 
prevents the device 32 from being pushed further into 
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the sac 24 by hemodynamic forces. The device 32 traps 
the embolic agent 50, permits a tighter packing of the 
embolic agent 50, and reduces the likelihood of 
migration of the embolic agent 50 out of aneurysm 22 
5 into parent vessel 20. This helps prevent distal 
embolization. 

Also, the presence of the device 32 at the 
neck 26 provides a scaffolding for tissue to grow and 
create a new endoluminal surface inside the vessel 20 to 

10 isolate the aneurysm 22 from the circulation of blood 
within the vasculature 21. The device 32 may be 
combined with biologic materials such as collagen, 
fibrin, or the like, to facilitate both thrombosis and 
cell infiltration and fibrotic tissue growth over the 

15 neck 26 to create the new parent artery endoluminal 
surface. 

It should be noted that device 32 is 
preferably formed of a continuous structure as shown in 
FIGS. 1-3C. However, it can also be formed of several 

20 leaflet members connected by a hinge connection at a 
center portion of device 32 and configured to fold out 
upon deployment within aneurysm 22. 

FIG. 4 shows an illustration of another 
occlusion device 62 in accordance with the present. 

25 invention (generally referred to as a spherical 
occlusion device) where like portions of the vasculature 
21 are referred to by like reference numerals. 
Spherical occlusion device 62 is similar to device 32 
shown in FIG. 1 in that it is to be deployed within the, 

30 aneurysm 22 and is generally permeable to blood flow. 
However, the spherical device 62 includes a collapsible 
spherical mesh structure 64 that not only covers the 
neck 2 6 of aneurysm 22 but provides stability to the 
entire inner wall 25 of the aneurysm 22. The structure 
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64 can be fashioned from the same materials used to make 
device 32 , as described above. 

FIGS. 5A-5C show the deployment of the 
spherical device 62 in accordance with the present 
5 invention. FIG. 5A shows the collapsed device 62 
inserted within the distal tip 66 of a delivery catheter 
68 rather than attached thereto. FIG. 5B shows the 
placement of the distal tip 66 within the aneurysm 22 . 
The device 62 is then advanced out of catheter 68 and 

10 into the aneurysm 22 and allowed to expand and bridge 
the neck 26 of the aneurysm 22. FIG. 5C shows the 
expanded spherical device 62 within the aneurysm 22 with 
the catheter 68 removed. It is to be understood that 
this deployment method is suitable for other occlusion 

15 devices in accordance with the present invention and not 
limited to the spherical device. 

After the device 62 is expanded within the 
aneurysm 22 , a microcatheter can be used in the fashion 
described above to deliver an embolic agent within the 

20 spherical device. Alternatively, the same catheter used 
to deliver spherical device 62 can be used to deliver 
the embolic agent. FIG. 6 shows the embolic agent 69 
packed within the spherical device 62. The spherical 
device 62 provides support for the entire aneurysm wall 

25 25 during the delivery of the embolic agent 69 and 
thereafter. This allows tighter packing of the embolic 
agent 69 with a reduced likelihood of overflow, and 
reduced likelihood of rupture particularly at the 
typically fragile dome region 70 of the aneurysm 22. 

30 FIG. 7 shows another occlusion device 72 

constructed in accordance with the present invention. 
The device 72 includes a distal portion 74 which can be 
similar to the dish-like device 32 shown in FIG. 1 or in 
the shape of a sphere (not shown) . The distal portion 
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74 preferably includes a nitinol wire frame 76 and 
covered with a mesh 78, or the like. The distal portion 
74 is deployed within the aneurysm 22 and is preferably 
secured against the inner wall 25 of the aneurysm 22 at 
5 the neck 26. A proximal portion 80 includes a frame 82 
attached to the frame 76 of the distal portion 74 . The 
frame 82 can be covered with a mesh 84. - Preferably, the 
proximal portion 80 is expandable to conform to the 
inner wall of the parent vessel 20. In one preferred 

10 embodiment, the distal portion 74 is coated or treated 
with thrombogenic agents in a manner known to those 
skilled in the art to facilitate thrombosis within the 
aneurysm 22. The proximal portion 80, on the other 
hand, can be coated with non- thrombogenic agents which 

15 reduce the likelihood of thrombosis within the parent 
vessel 20. Once seated in the neck 26 of aneurysm 22, 
the distal portion 74 inhibits the migration of the 
device 72 into the parent vessel 20 . The proximal 
portion 80 inhibits the migration of the device 72 into 

20 the aneurysm sac 24. 

FIG. 8 shows the preferred means of deployment 
of the device 72. The proximal portion 80 is collapsed 
and inserted into the distal tip 86 of a delivery 
catheter 88. The distal portion 74 may also be inserted 

25 within the delivery catheter 88 or can extend past the 
distal tip 86. During deployment, the distal portion 74 
is positioned with the catheter 88 to be within the 
aneurysm 22, and is then permitted to expand (by 
advancing it out of the end of catheter 88, or by 

30 application of some other suitable stimulus) . Distal 
portion 74 is preferably configured so that it can be 
deployed from within catheter 88, retracted back into 
catheter 88 and redeployed. The proximal portion 80 is 
then advanced out of, and detached from, the delivery 
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catheter 88, Again, this detachment can be accomplished 
by any suitable system such as electrolytic detachment 
from a delivery member or catheter in the same fashion 
as a GDC coil. Delivery catheter 88 is then removed 
5 from the vascular region 21 to allow the proximal 
portion 80 to expand and conform to the shape of the 
inner wall 25 of the parent vessel 20. 

FIG. 9 shows a view of another occlusion 
device 92 constructed in accordance with the present 

10 invention and deployed within the aneurysm 22*. Device 
92 is formed in the shape of a parabolic dish and is 
characterized by a plurality of struts 94, or frame, and 
is covered by a mesh 96 similar to that of the device 32 
shown in FIG. 1. However, the device 92 includes a 

15 small valve 98, such as a mitervalve, attached to the 
frame 94 at the center 100 of the dish. 

FIG. 10 shows a top view of the device 92 of 
FIG. 9. Nitinol struts 94 extend from the mitervalve 98 
to form a generally circular shape. Preferably, the 

20 mesh 96 does not cover the mitervalve 98. 

FIGS. 11A-11D show the deployment of the 
device 92 in accordance with the present invention. 
FIG. 11A shows the collapsed device 92 attached to the 
distal tip 102 of a catheter 104. The distal tip 102 of 

25 the catheter 104 is inserted through the mitervalve 98. 
An embolic agent 106 is contained within the catheter 
104 for injection therethrough. FIG. 11B shows the 
collapsed device 92 positioned within the aneurysm 22. 
Once within the aneurysm 22, the device 92 is allowed to 

30 expand. FIG. 11C shows the expanded device 92 in 
position within the aneurysm 22. Once the device 92 is 
expanded to bridge the neck 26 of the aneurysm 22, the 
embolic agent 106 is injected into the aneurysm 22 
through the mitervalve 98. FIG. 11D shows the device 92 
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and embolic agent 106 within the aneurysm 22 with the 
catheter 104 removed. After the embolic agent 106 is 
deployed, gentle traction of the catheter 104 disengages 
the distal tip 102 from the mitervalve 98 which allows 
5 removal of catheter 104. As with the other embodiments, 
other suitable detachment techniques can be used 
including electrolytic detachment. 

It should be noted that the devices described 
herein can be coated with a number of suitable coatings. 

10 Among the coatings which could be applied are growth 
factors. A number of suitable growth factors include 
vascular endothelial growth factor (VEGF) , platelet 
derived growth factor (PDGF> , vascular permeability 
growth factor (VPF) , basic fibroblast growth factor 

15 (bFGF) , and transforming growth factor beta (TGF-beta> . 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 

20 the spirit and scope of the invention. 
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WHAT IS CLAIMED Tfi r 

1- A device for treating an aneurysm in a parent 

vessel, the parent vessel defining a lumen, the aneurysm 
having a neck and an inner wall defining a cavity 
communicating with the lumen, the device configured for 
deployment within the cavity, and comprising: 

a collapsible member arranged such that, when 
the device is deployed, the member 
bridges the neck of the aneurysm and is 
contact with the inner wall . 
2 . The device of claim 1 wherein the collapsible 

member is permeable to blood flow. 

3 . The device of claim 1 wherein the member 
comprises an expandable frame having a covering attached 
thereto. 

4 . The device of claim 3 wherein the frame 
includes- a plurality of generally parabolic wire struts 
configured in the shape of a dish. 

5. The device of claim 3 wherein the frame 
includes a plurality of struts configured in the shape 
of a sphere . 

6. The device of claim 3 wherein the member 
further comprises a valve attached to the frame. 

7. The device of claim 3 wherein the member 
further comprises a proximal portion having a proximal- 
expandable frame attached to the expandable frame, the 
proximal expandable frame configured for deployment 
within the lumen. 

8 . The device of claim 7 wherein the distal 

expandable frame includes a plurality of parabolic 
struts configured in the shape of a dish. 
9 . The device of claim 8 wherein the proximal 

expandable frame is expandable to contact the parent 
vessel . 
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10. The device of claim 9 wherein the proximal 

expandable frame is coated with a non-thrombogenic 
agent . 

11- The device of claim 1 wherein the member 

comprises an expandable wire frame covered by a 
permeable mesh. 

12. The device of claim 11 wherein the expandable 
wire frame is made from a shape-memory material. 

13 . The device of claim 1 wherein the member is 
coated with a thrombogenic agent . 

14. The device of claim 1 wherein the collapsible 
member has a covering layer thereon formed of a vascular 
growth factor. 

15. A method of treating an aneurysm in a parent 
vessel having a lumen, the aneurysm having a neck and an 
inner wall defining a cavity communicating with the 
lumen, the method comprising: 

endovascularly moving a treatment device to a 
site proximate the aneurysm; and 

deploying, the treatment device within the 
cavity so as to bridge the neck of the 
aneurysm with a portion of the treatment 
device . 

16. The method of claim 15 wherein the treatment 
device includes a permeable portion thereof that is 
permeable to blood flow and wherein deploying comprises: 

bridging the neck of the aneurysm with the 
permeable portion of the treatment 
device . 

17. The method of claim 15 wherein the step of 
endovascularly moving a treatment device includes 
attaching the device to a catheter. 

18. The method of claim 17 wherein the catheter 
includes a distal tip and wherein attaching the device 
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to a catheter comprises inserting the device at least 
partially within the distal tip. 

19- The method of claim 17 wherein the catheter 

includes a distal tip, the device further includes a 
valve, and wherein attaching the device to a catheter 
includes inserting the distal tip within the valve. 

20. The method of claim 19 and further comprising 
the step of applying traction to the catheter to detach 
the device from the catheter. 

21. The method of claim 15 wherein* deploying 
comprises : 

advancing the treatment device to the cavity 
with a delivery system; and 

detaching the treatment device from the 
delivery system. 

22. The method of claim 21 wherein the delivery 
system includes an elongate delivery member connected to 
the treatment device, and wherein detaching comprises: 

electrolytically detaching the treatment 
device from the delivery member. 

23. The method of claim 20 wherein deploying 
further includes the step of injecting an embolic agent 
through the valve prior to detaching the device . 

24. The method of claim 15 wherein the step of 
deploying the treatment device includes placing the 
device within the aneurysm; and expanding the device so 
as to contact the inner wall. 

25. The method of claim 24 wherein the step of 
expanding the device includes raising the temperature 
within the cavity. 

26. The method of claim 15 and further comprising 
the steps of : 
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endovascularly reaching the treatment device 
with a microcatheter having an embolic 
agent ; and 

injecting the embolic agent into the cavity. 

27. The method of claim 26 wherein the embolic 
agent is one of a detachable coil and a liquid polymer. 

28. The method of claim 26 wherein the embolic 
agent comprises : 

a detachable coil and a liquid polymer. 

29. The method of claim 26 wherein the catheter is 
removed from the site prior to the step of reaching the 
treatment device with a microcatheter. 

30. The method of claim 26 wherein the treatment 
device is in the shape of one of a dish and a sphere. 

31. The method of claim 15 wherein the treatment 
device includes a proximal expandable portion and a 
distal expandable portion, and wherein deploying 
comprises: 

expanding the distal expandable portion 

within the cavity; and 
expanding the proximal expandable portion 

within the lumen. 

32. A system for treating an aneurysm in a vessel, 
the aneurysm having an inner wall and a neck defining a 
cavity, the system comprising: 

a collapsible member attached to a delivery 
catheter; 

wherein the collapsible member is configured 
to be endovascularly delivered to the 
aneurysm for deployment therein; 

wherein the collapsible member is expanded 
within the cavity so as to bridge the 
neck and contact the inner wall; and 
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wherein the system includes a microcatheter 
configured to have an embolic agent is 
injected therethrough into the cavity to 
form a mass. 
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